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This article 1s another in a series on Metallurgical 
Needs of the Non-Metallurgical Industries—indus- 
tries which depend largely on metals and their alloys 
for essential parts, The various metals which go into 
the building of a modern household washing machine 

discussed by an author who has written many 
articles in the trade and technical press. 

1 list of previous articles which have been pub- 

ed in this series will be found at the end of the 

le -—The Editors. 


ASHING MACHINES FOR HOME USE fall into a 
W siegr different from other types of equip- 
ment treated heretofore in this series of articles, 
because such machines are necessarily designed for 
an produced in large quantities. To realize such 
salcs volume, it is essential that costs be kept as low 


as feasible while insuring acceptable performance 
in service. 


Materials and Cost 


since materials are an important factor affecting, 


cost, construction must be largely confined to mate- 
rials near the low end of the cost scale. Minor 
elements, and a few parts which provide certain 
special qualities, may be made from alloys costing 
somewhat more. 

But, because the commoner materials are low in 
cost, their utility to industry is increased and as 
much care is exercised in their selection as in choosing 
the less common and rather specialized materials 
for particular purposes. It may even be more useful 
to the average reader of METALS AND ALLOys to 
outline the reasons surrounding the selection of the 
commoner, low-cost materials than to confine the 
series largely to types of products somewhat out 
of the ordinary and requiring rather special mate- 
tials for their construction. 

For this reason, a fairly typical washing machine 
produced by the General Electric Co., and known 
as their “Model AW-311,” is here chosen for con- 
sideration. Its basic elements include a tub in which 
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washing is accomplished through the means of an 
agitator which is given a slow oscillating motion 
about a vertical axis; a frame with legs for support- 
ing the tub; a wringer for removing water from 
fabrics washed; and the necessary motor and 
mechanism for actuating the agitator and wringer. 
When required, there is added a small pump for 
discharging wash water from the tub to a sink or 
drain at a higher level than the tub bottom. 

Except for the rubber hose and rubber covered 
wringer rolls, and a few dielectric parts and gaskets, 
practically the entire assembly is made from metals 
or metal alloys. Thanks to the low cost of sheet 
steel and to the ease of fabricating sheet steel parts 
by stamping and drawing operations, this material 
and these methods of production are employed for 
many parts. Many parts are cast, however, and 
several others are fabricated from wrought steel 
which is purchased in rods or tubes. 

Since appearance is an important factor affecting 
sales, and the cost of applying a finish is consider- 
able, it is necessary that nearly all external parts— 
and some internal ones—be as smooth as it is prac- 
tical to make them without machining or polishing 
or paying a premium for other extra operations prior 
to applying the finish. Naturally, some machining 
is required where good mechanical fits are necessary, 
but even this is minimized by the choice of mate- 
rials and by making the most of production processes 
which yield smooth surfaces and dimensional accu- 
racy without extra operations. 


The Steel Tub 


Since economy as well as good design dictate 
the use of a one-piece steel tub, it is necessary that 
this be made from deep drawing stock. Similarly, 
since the desired serviceability and appearance dictate 
a vitreous enamel finish on both inside and outside 
of the tub, it is essential to use a material which 
will take and hold this finish. The material chosen 
is a highly ductile low-carbon sheet steel known as 
deep drawing vitreous enamel stock. The tub is 





















































a. ana senna 











purchased ready for use from specialists in deep 
drawing and enameling work. 

Most of the remaining drawn and stamped parts 
are fabricated from hot-rolled, low-carbon steel sheet 
or strip which has been pickled to remove scale and 
then oiled to prevent rusting while the material is 
in stock. The cover is drawn from this material and 
is then zinc plated, after which the exterior surface 
is given an enamel finish of synthetic resin type, 
which is baked on. The skirt, legs and braces, making 
up the frame which supports the tub, are stamped 


and drawn or formed by rolling to required shape, 
after which they are Granodized to provide a rust 
resistant surface and a good base for the baked 





General Electric home washing machine. Most 
of the important stamped and drawn parts, in- 
cluding cover, tub, skirt and legs are seen in this view. 


synthetic enamel finish which is subsequently applied. 
Practically no machining is done on the stamped 
parts and, as the sheet is smooth, no grinding or 
polishing is required before applying the finish. 
Other parts produced from wrought steel include 
the tubular post which acts as the wringer support 
and the motor driven shaft, both of which are made 
from hot rolled steel tubes having electrically welded 
seams; the agitator shaft and wringer drive shaft, 
which are made from cold-drawn screw stock equiva- 


lent to S.A.E. 1112, low in cost and having a 
smooth surface. The rack, which meshes with a 
pinion on the lower end of the agitator shaft, is 
made from forging stock similar to S.A.E. 1035. 
A worm is machined from S.A.E. X 1315 steel, 
chosen because it is readily machinable, of adequate 
strength and easily hardened. 


Castings 


Nearly all remaining parts are castings, but only 
one of these, namely, the bracket, which supports 
the wringer post and attaches it to the tub, is a 
gray iron casting. This bracket is a simple part 
which requires very little machining and is made 
with a surface which, though exposed, is not promi- 
nent and is smooth enough so that no grinding is 
required. The only other ferrous casting is a high 
test cast iron worm gear, selected because it is low 
in cost, yet affords the required degree of wear 
resistance. Considerable machining, including the 
cutting of the gear teeth, is required on this casting. 

Aluminum alloys are used for two castings. One 
of them is a drain board, which is die cast; the 


“Exploded” view of the washing machine, show 
ing most of the major and some of the mino 
parts, the character of material employed bein 
indicated in most instances by the following letters 
A, aluminum alloy; C, copper alloy; I, iron casting 
S, steel in wrought forms; and Z, zine alloy di 
castings, the latter including the gear case, part 
for the wringer and its drive and parts for the pumt 
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other is the agitator which is produced in a perma- 
nent mold. The composition and more important 
physical properties of these alloys are given in Table 
I. Aluminum alloys are used in these applications 
because they show a minimum of discoloration when 
subjected to the strong washing solutions sometimes 
used. The castings also are smooth and moderate 
in cost, require very little machining (except to 
remove flash, an operation performed by the sup- 
pliers) and are light in weight. The latter is an 
advantage in reducing inertia forces on an oscillating 
part, such as the agitator, though this is a minor 
factor when the motion is as slow as in this applica- 
tion. 


Table 1 -Com position and Properties 


of Aluminum Alloy Castings 


Permanent 


Die Castings 


Composition: Mold Castings Per Cent 
Per Cent 

Copper , . 6.0-3.0 2.0-2.2 
Silicon , 1-3 11.0-13.0 
Aluminum shed ; _ ae a balance balance 
Magnesium ' Sivek oo .05 max. 0.10 max. 
Manganese pitas aire 0.3 max. 0.30 max. 
Lron ad ice oroahe sc kaeea lea w ae 1.5 max. 2.0 max. 
Zinc Bi estat tere eke & ae ws 2.2 max. 0.75 max. 
Dt ah otihkhtes dese hae ytdeaewas. °Oeuute 0.10 max. 
Nickel St Ree PS ee ee Pe 0.50 max. 
A ee his 1.0 max. 0.20 max. 

Properties 
lensile strength, lbs. per Sq. in. 24.000 33,000 
Klongation in 2 in., per cent... 0.5 min. 1.0 


Charpy impact strength, 4% x 
%-in. test bar 


2 ft.-lb. 


Parts produced in aluminum alloy, that in the center being the permanent mold agitator. Those at the right 
and left are alternative types of drain boards which are die cast. 


Die Castings 


By far the largest number of castings are those 
produced in dies from zinc alloy to A.S.T.M. No. 
XXIII (S.A.E. No. 903) specifications. These are 
made to the composition given in the Table II and 
have the properties there given, but the properties 
are not a part of the specification. There are many 
of these castings and they range in size from a gear 
case, which measures over all about 27 x 8 x 4/4 
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in. and weighs about 111/, lbs. to wringer parts 
weighing a few ounces or less. The primary reason 
for using zinc alloy die castings is that they af- 
ford lowest over-all cost, but other reasons include 
the smooth surface realized (important especially for 
exposed parts), minimum machining required, and 
freedom from red rust. Naturally, use is predicated 
on satisfactory physical properties which include a 
much higher impact strength than gray iron castings. 
Smooth surfaces are important in lowering finishing 





































Table Il—Com position and Properties of Zinc Alloy 
Die Castings (A.S.T.M. No. XXIII; S.A.E. No. 903) 


Composition : Per Cent 
PEE ss 5 UE perc er Pi aash eas 3.5 to 4.3 
Copper, max. : sea : , Fé coe be 0.10 
Magnesium oar 5 een at acetal le 0.03 to 0.08 
LO ae vo a ee ee Oe 0.10 
ee ee a ne iladins sed Se Wa a 0.004 
I es oe CN wed hdd olalbrea bab ee 0.005 
aa aso. 6 Kala b 4a MWR S Kd a's ce Weba weer 0.005 
Zinc of 99.99+ per cent purity . Remainder 

Properties (averages realized but not named in 

tandard specincations ) 
Charpy impact strength 4% x %-in. test bar 20 ft.-lb. 
Tensile strength, lbs. per sq. in..... 40,300 
Elongation in 2 in., per cent............ be 4.7 
Compressive strength, Ibs. per sq. in........... 60,500 
Brinell hardness ............ ks avthaoek bneed 74 


costs on exposed parts including some which are 
electroplated. 

Initially, in designing this washing machine a gear 
case sand cast in gray iron was contemplated and 
put in use on some machines, but high cost for 
machining and the need for using a separate bracket 
for supporting the motor (which is now carried in 
a pair of simple stampings used as inserts in making 
the die cast case) led to a redesign and the sub- 
stitution of the die cast case which has been used 
with success for many years. Recently, the die casting 
itself was redesigned with substantial reduction in 
its cost, but without any sacrifice in stiffness or 
utility. Other elements die cast in zinc alloy include 
many parts of the wringer assembly, the center post 
(located inside the agitator), drain fitting and pump 
parts, and several portions of the wringer drive and 
drive housing. 


Bearings 


Bearings are among the few parts of the washing 
machine in which alloys of copper are employed and 
some of these are of porous graphite bronze which, 
for bearings of moderate size, is low in cost and 
facilitates lubrication. It has been found that this 
form of bearing at the upper end of the center post 


(which guides the agitator shaft and is at a point 
where some heat and steam may be present) prevents 
squeaks and gives satisfactory service. The lower 
bearing for this shaft is in the gear case, which is 
filled with a heavy oil providing plenty of lubrica- 
tion, hence a bearing directly in the die casting is 
found satisfactory. For the worm shaft, one bearing, 
which is also well lubricated, is also in the zinc 
alloy case, but the other bearing for this shaft, that 
facing the motor, is of porous bronze, as this has 
proved less likely to result in oil leakage. 

Facts concerning some of the minor parts of the 
washing machine assembly might be given, but those 
considered of special interest to readers of this pub- 
lication have already been mentioned. That the 
choices outlined above were wisely made becomes 
apparent in the light of experience over many years 
during which many thousands of machines basically 
the same as that here described have been giving an 
excellent account of themselves in service. This has 
been accomplished in the face of plenty of com- 
petition only through costs being held within re- 
quired limits through the use of materials and 
production methods which are economical, yet which 
do not sacrifice performance characteristics of the 
machine in its completed form. 
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A Chuckle 


Light Pulverized! 


To the Editor: In your columns you are continually pok- 
ing fun at us ‘“non-professionals” for blaming all other- 
wise unexplainable failures of steel on “crystallization.” 
There may be a lot to these scientific subjects that you big 
shots don’t know. By way of illustration, permit me to 
refer you to the all-time high in super-scientific accomplish- 
ments. The item which follows, taken from the program of 
the annual convention of Certified Boiler and Elevator In- 
spectors Association, held in Los Angeles, will no doubt 


68 


merit the attention of your staff as a real scientific “scoop.” 

“Study and Observation of Stress Distribution which Pul- 
verizes Light’’—by A. P. Maradudin, Standard Oil Co. 

By way of explanation, Mr. Maradudin has given a num- 
ber of talks, illustrated with models, on the “Study and 
Observation of Stress Distribution with Polarized Light.” 
He was asked to present this subject before the convention 
and he gave the title verbally to the program arranger with 
the above humorous result. Thousands of copies were pub- 
licly distributed. 
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by EARLE A. RYDER 


ulting Engineer, Pratt & Whitney Aircraft Division, 
United Aircraft Corp., East Hartford, Conn. 


In the evaluation of bearing metals, the mechanical 
properties that would count in a structural member 
ave of relatively little importance, it is the actual be- 
havior as a bearing that must be found out. Some 
factors of bearing behavior can be moderately well 
ized up by small scale tests, but, after the obviously 
unfit materials have been eliminated by such tests, 
the promising ones have to be studied as bearings, 
and in just the type of service for which the bearing 
is planned. 

Hence the testing problem is, how to reproduce 
the exact conditions of service in the most inex- 
pensive and convenient fashion. 

For radial aircraft engine service, Mr. Ryder has 
produced a useful solution. The most im portant les- 
Son to be gained from this example is that each 
gradation of bearing service will demand its own 


Specific solution —H. W. G. 
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A Machine for Testing Bearings 


The Pratt & W hitne) bearing test machine. 


er and higher output, the load capacity of the 

crankpin bearing, also called the master rod bear- 
ing, has been one of the limiting points. The load 
carried on this bearing is in the neighborhood of 
3500 lbs. per sq. in, at take-off horsepower, and 
about 5500 Ibs. per sq. in. in a dive. Full-scale test- 
ing on complete engines consumes a great deal of 
time and is also very expensive. It is necessary to 
assemble the engine with the test bearing, put it in 
the test house, run it on whatever routine has been 
decided upon and then put the engine back in the 
shop, tearing it down completely in order to inspect 
the bearing which has been tested, 

In the course of engine development, Pratt & 
Whitney Aircraft has done much full-scale bearing 
testing on actual engines. In addition to this work, 
dummy engines have been utilized, each one consist- 
ing of the power section of a standard engine, mo- 
tored over by an electric dynamometer instead of 
being run under its own power. Bearing tests run 
under these conditions are not quite so valid as those 
in full-scale engines operating under their own 
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Fig. 2. Bearing tester with cover removed. 
& & 


power. However, much useful information has been 
gained at a considerable saving in time. While the 
above methods were adequate for getting results, 
they required tying up a dynamometer and were a lit- 
tle cumbersome for some purposes. It was thought 
that a preliminary test should be developed for trials 
of new materials, something at least good enough 
to weed out the very bad materials, and if possible 
give results good enough to replace some of the 
full-scale testing in engines or dummies. 


Designing the Test Machine 


In designing a bearing test machine, the following 
features were considered important: 


1. The machine should accommodate full-size bear- 
ings and test them up to and beyond the present 
limits of engine speed and load. 

2. It should be possible to look at the test bearing 
easily and replace it in the machine without dis- 


turbing it. Assembly and disassembly should be 
as easy as possible. 

. The test journal should be replaceable. 

4. The test machine should contain no heavily loaded 
bearings except the test bearing. 

. The machine should be completely balanced so 
that high speeds could be accomplished. 

. Provision should be made for indicating the fric- 
tion torque of the bearing. 

7.It should be possible to use the apparatus for 
testing either oil or bearings. 


Such a machine was built and has been in use for 
more than a year. When first set up, it did not give 
familiar answers on materials with which we had 
lots of experience in complete engines. Some of the 
difficulties encountered will be mentioned below. 
After making some mechanical changes, and with 
sufficient experience in its use, this machine now 
gives reliable results and is a valuable addition to 
the engine laboratory equipment. 

The general set-up is illustrated in Fig. 1. The 
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round housing at the left of the bed plate is the 
bearing test rig, driven by a variable speed motor 
shown in the background. The torque arm extend- 
ing to the left of the cover registers the friction 
torque on a spring scale. The other apparatus seen 
in the picture is for heating, filtering, and pumping 
the oil supply to the test bearing. 


Description of Machine 


In a radial engine the load on the crankpin varies 
approximately as the square of the speed, since it is 
largely due to the centrifugal effect of the connecting 
rod cluster. The crankpin load is not very much 
affected by throttle opening, but is somewhat less at 
full throttle than it is at closed throttle for the same 
rotative speed. The load travels around the bearing, 
instead of being a reversing load, such as occurs on 
a crankpin serving a single cylinder. 

To simulate the above conditions the test bearing 
is assembled into a split weight which is carried on a 
crankpin, but kept from rotating with the pin by a 
train of gears. Fig. 2 shows this arrangement. The 
front end of the crankshaft is supported in the cast 
iron housing of the test machine by two ball bear- 
ings and driven by ““V” belts from a variable speed 
notor. The crankshaft itself is made in three parts, 
he front part including one cheek and the front 
enterline extension. The rear cheek is a second piece 

nd the crankpin is clamped in both cheeks. The 
ounterweights butt against each other and are se- 
ired by a large bolt which is seen in the picture. 


Fig. 3. Bearing tester disassembled. 


The bearing support is made in two halves held to- 
gether by large bolts and in the machine shown 
weighs about 50 Ibs., which is the order of the mas- 
ter balance weight of the Pratt & Whitney 1830-B 
engine. Since the stroke of the crankshaft is also 
approximately the same as that of the engine, the 
bearing load for any given speed practically dupli- 
cates engine conditions. Other weights can be used, 
of course, to procure other conditions. 

Attached to the weight is a spur gear which 
meshes with a pinion mounted in the crank arm. 
This in turn is attached to a similar pinion on the 
rear face of the crank arm which meshes with a sta- 
tionary gear mounted in the rear cover. This latter 
gear has a bearing in the cover and is attached to 
the torque arm by a clamp joint. The clamp has a 
bronze bushing and can be set previous to a test so 
that slippage will occur at a predetermined torque. 
If the bearing then seizes while it is being tested, 
or if the friction goes up above the predetermined 
value, the test bearing turns round with the crank- 
pin and slippage occurs at the torque arm. This al- 
lows the machine to be stopped before destroying 
the bearing. A torque arm clutch setting of 500 
inch-pounds has been found suitable for the size 
bearing tested in the machine shown,—namely, 254 
dia. x 33/4 long, and with this setting when a bearing 
seizes, it may be slightly scuffed and the crankpin 
may be blued. The bearing surface will not be com- 
pletely torn up, and it is possible to see in what 
part of the bearing seizure took place. 

The torque arm scales indicate the bearing fric- 
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tion plus that of the pinions and pinion bearings. 
This latter increment, however, is relatively small 
and the indicated torque is sufficiently near the 
actual bearing friction to be useful for any com- 
parative work. 

The crankpin is removable from both crank arms 
and can be replaced as often as necessary, In the 
machine shown, the crankpins are made of SAE 
2512 steel, case hardened on the outside. They are 
drilled with oil holes in the same location as used in 
the engine crankshaft. The journal surface has 
the same ground and lapped finish as used on an 
engine crankshaft. The same crankpin can often 
be used for several tests. However, if the test is run 
to the point of bearing failure, it is likely that the 
crankpin will be burned and should be thrown away. 

Oil is fed in under pressure through a gland on 
the driving end of the crankshaft and the tachometer 
drive is taken off through the center of the torque 
arm attachment at the opposite end of the machine. 
An improvement which is not shown in the pictures 
is the addition of a pilot bearing between the rear 
crank cheek and the torque arm gear to insure align- 
ment of this gear with the crankshaft axis. 

Fig. 3 shows some of the parts disassembled. The 
test bearing is shown in the left foreground and in 
the case illustrated is a split bearing. One piece bear- 
ings can be tested equally well. To examine a bear- 
ing during or after a test, the rear cover is removed 
and then the rear crank arm clamp bolt is removed 
and the counterweight bolt nut taken off. This al- 
lows the rear crank arm to be withdrawn. After this 
the round weight containing the bearing can be lifted 
off the crankpin without disturbing the bearing in 
any way. The bearing can be examined while it is 
in the weight and if desired can be replaced in the 
machine for further running. It is not necessary to 
use as many studs as are shown in the housing to 
hold the cover on. Four or six nuts are sufficient. 
The whole operation of opening up the rig, examin- 
ing the bearing amd replacing it can be done in a 
relatively short time. 


Fig. 4. Rotating weight, showing weakening holes. 





Several of the round weights should be provided, 
all balanced alike, so that while one bearing is being 
tested others can be fitted in the shop. The relation 
of speed and load on the test bearing is shown in 
Fig. 5. Using the weights illustrated, the bearing 
load is 7700 Ibs. per sq. in. at a speed of 4000 r.p.m. 
This is about the highest speed that can be ob- 
tained with the 15 h.p. D.C. motor, shown in the 
pictures. 


Method of Testing 


For any useful results it is mecessary to have a 
well-built machine which is accurate in every part, 
and to have the test bearings fitted just as carefully 
as though they were going to be incorporated in a 
complete engine. 

In using the Pratt & Whitney machine, it has 
been found necessary to thoroughly warm up all parts 
of the machine before running any tests. The method 
of doing this is to heat the oil and pump it through 
the bearing and also through two large squirts which 
enter the sides of the case and throw oil on the out- 
side of the round weight. By circulating hot oil for 
half an hour or so before starting up the rig, the 
housing and weight, which are quite heavy parts, 
will be brought up approximately to the oil tempera- 
ture, so that no expansion troubles will result when 
the bearing is run. With the hard bearing metals 
which are now customary for airplane engines, there 
is no advantage in a long run-in because the bearing 
surface does not change. Different kinds of bearing 
tests may be done, among which may be mentioned: 

a. Dive testing to max. speed and load. 


b. Sticking test with scanty lubrication. 
c. Fatigue. 


The Dive Test 


So-called dive testing is intended to simulate en- 
gine conditions in a dive with closed throttle. With 
some kinds of bearings, limiting engine speed is 
determined by what the bearing will stand under 
this condition. The routine used for dive testing has 
been to run 11/ hrs. at 1500 r.p.m., then increase 
the speed to 2000 r.p.m. on the course of a half hour 
and after that run 1 hr. at 2000 r.p.m, After that 
the dive test is started and the speed is increased 50 
f.p.m. every two minutes until the bearing fails, that 
is, until slippage occurs at the torque arm joint. The 
oil used is the same oil that is used in the engine 
test houses, and has a viscosity of 100 seconds Say- 
bolt at 210 deg. F. The oil is fed into the crank- 
shaft at 160 deg. F. A separate scavenge pump 
removes the oil from the bottom of the housing and 
returns it to the tank. Oil pressure at the input to 
the crankshaft is 100 lbs. per sq. in. 

Frequent checks are made on types of bearings on 
which considerable engine experience has been had, 
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Fig. 5. Load speed relation in test bearing. 


for instance, PWA-121 bronze which is 70 copper, 
30 lead, and PWA-224 bronze which is 25 lead, 3 
tin, balance copper. A typical test of the PWA-224 
material is test No. 120 in which the bearing was run 
yn the above routine and seizure took place at 3250 
r.p.m. (See Fig. 6). The crankpin used was one 
which had been used on two previous tests where 
seizure did not occur. It was in good condition at the 
tart of this test. After the bearing failure at 3250 
p.m., the crankpin was blued in a streak about 
in. wide on the underside; that is, toward the 
nter of rotation of the shaft. The bearing was 
iffed all the way around in a band about % in. 
ide near one end. The seized area of the bearing 
iowed lead color. This bearing material has seized 
dive tests of a complete engine in the range of 
00 to 3300 r.p.m. and in numerous tests on the 
nch machine seizure has occurred in the same 
eed range. 
PWA-121 is a non-seizing material and has been 
n repeatedly to 3800 or 4000 r.p.m. 


The Sticking Test 


Another type of test that has been very useful in 
the development of bearing metals consists of run- 
ning in the bearing at a moderate speed and then, 
with all conditions stabilized, cutting off or reducing 
the oil supply to the crankpin. The object of the test 
is to see how long the bearing will then run with 
only splash lubrication from the case. Numerous 
tests of this kind have been conducted in the dummy 
engine previously described. The PWA-224 bearing 
material seizes quite reliably in 90 to 120 seconds 
after cutting off the crankpin oil supply. The 121 
material will run indefinitely on the oil which 1s 
splashed into it from the crankcase. In running 
this kind of test on the bearing test machine, it is 
necessary to supply oil to the case through the squirts 
which have been described above as being used for 
warming up. The squirts are arranged in line with 
the ends of the bearing so that they supply oil where 
it can seep into the bearing clearance. 


In preparing for the sticking test, the bearing is 
run in as before, but getting the speed up to 2450 
r.p.m. After running long enough at this speed so 
that all conditions are stabilized, the crankpin oil 
supply is cut off and a stop watch started. Here 
again frequent checks must be made on the familiar 
material to make sure no conditions of the test have 
changed so as to affect the results. 


Fatigue testing can also be carried out. The main 
deficiency of the straight copper-lead material which 
caused it to be abandoned for engine use is its lack 
of fatigue strength. Bearing loads much above 3000 
Ibs. per sq. in. are likely to cause fatigue cracks to 
develop in the bronze and eventually small pieces of 
the bronze will separate from the steel back. Fig. 4 
shows the central portion of a test weight which has 
been drilled near the bore in order to weaken the 


Fig. 6. Typical test results on a bronze bearing. 








REPORT OF DIVE TEST 
Test No. 120. 
Bearing Split, steel back; PWA-224, hardness 49-58 V.P.N. (25 lead, 3 
tin, 72% copper). 
Clearance 0.008 on diameter. 
Crank pin SAE-2512. This pin had been used on tests Nos. 118 and 119 with 
no seizure; good condition. 
Test Dive; 3-hr. run-in to 2000 r.p.m., then speed increased 50 r.p.m. 
every 2 min. 
Result Seized at 3250 r.p.m. Free lead smeared over a strip Yg in wide. 
Crankpin burned in corresponding position, unfit for further use. 
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weight and increase the flexure of the bearing metal. 
This enables fatigue cracks to be developed at a mod- 
erate load in less than 5 hrs. The particular weight 
shown had the weakening hole drilled so near the 
bore that cracking also took place in the weight. It 
is not necessary to accelerate the fatigue test to this 
extent and the weight can be used without weaken- 
ing holes, as illustrated in Figs. 2 and 3. 

It is obvious that if the test machine is designed 
to accommodate the largest bearing which will be 
tested, smaller ones can be used at any time by fitting 
the appropriate crankpin, and if necessary, end wash- 
ers. The machine described simulates the bearing 
loading of a radial engine. In the development and 
testing of bearings, however, it seems likely that this 
kind of testing is just as useful as any other kind 
of loading. Certainly in the comparison of different 
metals this type of load application is all right. 


Troubles 


It is not intended to give the impression that this 
piece of apparatus is so perfect in design that it 
automatically gives the correct answers without effort 
on the part of the investigator. This would be far 
from the truth since many months of effort were 
spent in getting the bugs out of the original machine. 
It was soon learned that the accuracy mecessary was 
the same as that required in an actual aircraft engine, 
and that limits or fits that would be acceptable in 
ordinary machinery are not good enough. 

The crankpin must be accurately parallel with the 
front extension of the shaft. Otherwise, the master 
weight will drift toward one end or the other and 
cause excessive wear on the end face of the bearing. 
The master weight should be in dynamic balance by 
itself and the weight-crankshaft-counterweight system 
should also be in balance. 

In the early running of the machine the torque 
arm exhibited considerable vibration. After suffi- 
cient investigation it was found that the torque arm 
gear was not accurately aligned with the center of 
rotation of the crankshaft. Improving the fit of the 
rear cover and locating it with dowels did not make 
sufficient improvement, so that a small ball bearing 
was added as a pilot bearing between the rear crank 
arm_and the torque arm gear. One of the two bear- 
ings which located this gear was then removed and 
the other bearing given sufficient clearance so that the 
gear could follow around with the crankshaft. While 
the motion at this point is quite small, this change 


































has been sufficient to give a perfectly steady torque 
arm so that a spring scale can be used without the 
need of any dashpot or other damping arrangement. 
It is hardly necessary to point out that unbalance of 
the weight will produce torque arm vibration. 

The machine was originally built with shielded 
ball beatings, both on the crankshaft and on the 
pinion. Lubrication was taken care of by grease 
nipples. This construction was intended to allow the 
use of dirty oil in the case without having it destroy 
the bearings. lit was found that this type of lubrica- 
tion was not sufficient for the pinion bearings and 
accordingly oil holes were provided in the crankpin 
and the rear crank arm to get a constant small feed 
of oil to these bearings. As a further improvement 
a larger size bearing has been used than originally 
provided so that reasonable life is now obtained on 
these parts. 

Oil scavenging trouble is not confined to engine 
crankcases, but can also be experienced in test rigs. 
The use of too small scavenging pumps, allowing 
oil to accumulate in the housing, not only causes 
excessive power consumption and heating of the oil, 
but also results in excessive vibration of the torque 
arm. Fortunately, this trouble is easily cured by 
complete scavenging. 

While it should be evident that the bearing should 
be just as carefully fitted as though it were going 
into an engine, with a straight round bore and the 
proper diametral and end clearances, this necessity 
must be made plain to the shop. Knowing that the 
bearing will be ruined in a few hours of running, 
there may be a tendency to slight the fitting. It is 
best to have one of the regular shop inspectors meas- 
ure each bearing after it has been fitted into the 
master weight and make a record of the essential 
dimensions. In this connection the metallurgical con- 
dition of the master weight is of considerable im- 
portance. It was found in our early work that the 
bore of the master weight was different after every 
test. This was due to internal strain which was grad- 
ually being relieved by repeated heating and vibra- 
tion, and was overcome by properly stabilizing the 
material of the weight after rough machining. 

The troubles encountered in the development of 
this test rig have been no more numerous than must 
be expected in connection with any new piece of 
apparatus. As it is mow set up, the machine is a 
useful addition to the testing laboratory and saves an 
immense amount of time in the testing of new 
bearing material. 
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A Lead-Tin-Arsenic Wiping Solder 


by EARLE E. SCHUMACHER and G. $. PHIPPS 


Metallurgists, Bell Telephone Laboratories, New York 


A very interesting illustration of the beneficial ef- 
fects of what was once regarded as a possible impur- 
ity in an alloy is found in this article. Small amounts 
of arsenic in the conventional lead-tin wiping solder 
have been found to bestow desirable properties and to 
ereatly improve the older alloy —The Editors. 


for satisfactory telephone operation are the gas- 
tight joints connecting the lead sheaths which pro- 
tect the circuits within from the vagaries of the 
limatic environment. Some fourteen or more wiped 
joints occur in every mile of lead-sheathed telephone 
ible, and in making these joints from one to two 
million pounds of solder are used per year. To join 
ibles, a lead sleeve of sufficient diameter to accom- 
odate the bundle of spliced wires is slid in place at 
ie junction, the ends of the sleeve are beaten to con- 
rm to the circumference of the cable, and an air 
ht and mechanically strong joint is formed at each 
| of the sleeve by molding a solidifying mass of 
der into the desired shape. This last step is called 
e wiping operation. 


Composition of Wiping Solders 


The making of a successful wiped joint depends 

on a satisfactory composition in the solder and 

nsiderable skill on the part of the splicer. The two 
factors are inter-related in that the more dextrous 
perators can produce satisfactory joints with com- 
positions which could not be shaped by the average 
operator. The most satisfactory composition for a 
wiping solder from practical tests has been found 
to be about 38 per cent tin, 62 per cent lead. A sol- 
der containing 40 per cent tin also possesses satisfac- 
tory handling qualities and is used to some extent. If 
the tin content is much above 40 per cent the work- 
able temperature range in which the solder is plastic 
becomes too limited for practical handling. The 
plastic range can be increased by increasing the lead 
content above 62 per cent but then it is found that 
the joint becomes coarse-grained and porous. The 
highest practicable lead content is of course advan- 
tageous from an economic standpoint. 

The impurities allowable in a wiping solder are 
also closely controlled since in general small percent- 
ages of most impurities have been found to have a 
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harmful effect upon the handling character of the 
solder or the properties of the joints. One exception, 
which has hitherto not been recognized, is arsenic 
whose beneficial effects in small quantities are dis- 
cussed in this paper. 

An engineer would prefer to interpret the handling 
of a wiping solder in terms of basic properties which 
can be measured in the laboratory. Such attempts? 
have been made but with only limited success since 
not only does the wiping process itself not admit of 
scientific measurement but also the basic properties re- 
lated to the process are difficult to determine and are 
of restricted practical bearing. These difficulties arise 
because a complex solid-liquid system is involved, 
and during most of the time of wiping the joint the 
system is far from being in an equilibrium condition. 


Characteristics of a Wiping Solder 


Experience has shown however that a wiping 
solder should possess certain general characteristics 
which are enumerated below, although in many in- 
stances the characterization cannot be extended be- 
yond a qualitative statement: 


1. The temperature at which the solder begins solidi- 
fication should be lower than the temperature of 
beginning melting of the cable sheath and sleeve. 
The temperature of beginning solidification for the 
38-62 tin-lead solder is 240 deg. C. while the 
lead alloy sheath begins to melt at approximately 
310 deg. C. Since with this solder no trouble 
is encountered with melting sheath it appears 
that a 70 deg. differential is satisfactory. 


2. The solidification range of the solder should be 
such as to provide, during cooling, an ample 
forming period bétween the time when enough 
primary lead has precipitated to give sufficient 
body to permit forming to begin until the mass 
is too solid to manipulate. In the 38-62 wiping 
solders the solidification range is approximately 
60 deg. C. while the forming range is about 40 
deg. C. 

3. The tendency for the joint to drain or slip and 
break apart during wiping should be a minimum. 
These properties are associated with surface tension 
and plasticity. The desired condition is some- 
times referred to as a “buttery” texture. 


4. The solder should readily wet and alloy with the 
parts to be joined. This implies a freedom from 
non-reducible oxides in the solder and a minimum 
in the tendency to form reducible oxides. Suitable 


75 






























Figs. 1 and 2. Photomacrographs of 
a nominal 38 per cent tin—62 per cent 
lead wiping solder showing the grain 
refining effect of the addition of arsenic. 
The samples were slowly cooled from 
300 deg. C. Specimens etched with a 
mixture of 4 parts of glacial acetic acid 
and 1 part of 30 per cent hydrogen per- 
oxide. Magnification, 4 diameters. Fig. 
1 (left) is without arsenic and Fig. 2 
(right) is with 0.1 per cent arsenic. 





non-corrosive fluxes are used to clean the surfaces 
being joined and reduce the oxides which cannot 
be entirely excluded from the melted solder. To 
facilitate handling, the solder should not adhere 
to the splicers’ wiping cloths. 
5. The solder should be such that the strength of 
the joint formed should be equal to or greater 
than that of the parts being joined. The joint 
must also be gas tight. This property is secured 
through a fine texture in the solder and freedom 
from draining of the lower melting constituents. 
The test for porosity of a jgint is simple. A 
positive gas pressure of from 6 to 9 Ibs. per 
Sq. in. is applied inside the sleeve and soap-suds 
are then painted on the joint. Observation of the 
soap-suds will then show whether or not the 
joint is porous. 
The health hazard under normal conditions of 
use should be negligible. 


6. 


Effect of Arsenic 


An investigation was made of modifications of the 
lead-tin type wiping solder to produce a solder which 
more fully meets the practical requirements than does 
the present composition. Through the addition of 
0.1 per cent of arsenic, substantial improvements 
have been achieved in certain of the characteristics. 
The nominal composition of an alloy which shows 
this improvement is tin 37.25 per cent, arsenic, 0.1 
per cent, and balance lead. The effect of arsenic 
manifests itself at percentages as low as 0.04 per cent. 
Amounts much over 0.1 per cent should be avoided 
because of a tendency to segregation at the higher 
percentages. As the tin is reduced below the recom- 
mended percentage, the difficulties in producing a 
satisfactory joint increase. There is the possibility 
however that a lower tin content can be tolerated but 
definite conclusions await further substantiation in 
subsequent investigation. 

Although the percentage of arsenic in the new sol- 
der is relatively small it has two important beneficial 
effects: The amount of dross formed on the arsenic- 
bearing solder is but a fraction of that experienced in 
the ordinary lead-tin solders. The practical advantage 
is that less time need be spent in skimming the molt- 
en solder in the melting pot, and there is less possi- 
bility for the inclusion of dross in the finished 
joints, The presence of dross in the wiped joints 
is to be avoided because of its possible contribution to 
porosity. 


Arsenic Benefits Grain Size 


The second beneficial effect of arsenic is related 
to the grain size in the solidified alloy. This is il- 


lustrated by the photomacrographs, Figs. 1 and 2, 
which compare the grain structure of a lead-tin sol- 
der and an arsenic-modified solder which have under- 
gone similar handling and cooling treatments. The 
arsenic-bearing solder exhibits a finer and more uni- 
form texture. The finer texture is associated with 
improved handling characteristics and freedom from 
porosity in the finished joint. The texture of the 
solder is more buttery in the wiping process and there 
is less tendency for the lower freezing constituents to 
drain from the partially finished joints than with the 
lead-tin compositions. Practically, this provides for 
the splicer a longer forming range, although the sol- 
idification range is materially the same as for the cor- 
responding unmodified alloy. 

Although the mechanism by which arsenic reduces 
the size of the dendrites and refines the grain of 
wiping solder has not been definitely established, it 
seems probable that it either provides new and more 
numerous nuclei of crystallization around which the 
primary lead precipitates, or imposes barriers against 
the growth of the primary lead crystals or both. 
Arsenic forms a compound, Sn,As,, with tin and it is 
probable that this constituent is responsible for the 
mechanism postulated. In slowly cooled solders this 
compound is discernible beginning at approximately 
0.1 per cent arsenic. With a greater number of pre- 
cipitated crystals present, a greater surface is made 
available to which the molten eutectic may cling, pro- 
ducing a readily formable mass. 

Laboratory observations on the solder have been 
verified by field tests in the Bell System. The arsenic- 
bearing solder is handled in the same way as the 
ordinary lead-tin compositions. Joints have been 
wiped on large and small aerial and underground 
cables and in difficult situations involving large 
branched joints. The consensus of splicers trom 
several different localities is that the solder possesses 
handling properties superior to those of the lead-tin 
compositions, These joints in all cases were pressure 
tested after wiping and found to be sound. 

Regarding the possible health hazard involved in 
using the new solder, tests have been made to deter- 
mine whether arsenic or arsenic compounds would 
be volatilized from this alloy under the conditions 
encountered in practice. These tests gave entirely 
negative results and showed that no additional haz- 
ards would be introduced by substituting arsenic- 
bearing solder for standard solder. 


Reference 


1 Some Physical Properties of Wiping Solders, D. A. McLean, 
R. L. Peck, Jr., and E. E. Schumacher, Journal of Rheology, 
Vol. 3, Jan. 1932, p. 53. 






























Metallurgical Control in the 
Fourdrinier Wire Industry -Il 


CONCLUDED FROM FEBRUARY 


Stretching the finished seamed Fourdrinier wire. As the wire passes over these rolls, every inch of the mate- 
rial 1s carefully inspected. A definite stretch is given to each wire to bring it to the exact measurements for 


the paper machine on which it is to be used. This treatment also imparts a beneficial rigidity to the wire. 


hy D.C. DILLEY 


Metallurgist, The Lindsay Wire Weaving Co., Cleveland. 


Seaming 


When the cloth has been cut to proper length 
the two ends must be joined to form the Four- 
drinier wire. The seaming of the wire perhaps 
requires more careful manipulation by the operator 
than does any other single operation. Because any 
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variation in opening between the shoot wires at the 
seam will cause non-uniform drainage of the pulp, 
with the consequent marking of the paper being 
formed, measurements must be taken, in the shop, 
all during the seaming operation by means of 
measuring microscopes, to insure a uniform spacing 
of the wires at the seam. 

There are four general types of seams now in 
use: The all-sewed seam, the soldered and sewed 
seam, the silver or hard soldered (brazed) seam, 
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Seaming of finished wire cloth to form 


and the welded seam. Sewing was of course the 
original method of joining wire cloth end-to-end. 
Later the introduction and perfection of hard solder- 
ing methods using silver soldered (or brazed) seam, 
was developed. This field of research alone has kept 
the industry busy for many years perfecting a join- 
ing link which will approach the characteristics of 
the wire cloth in the body of the wire. The labora- 
tory must test examples of seams to insure normal 
microstructure of the soldered joint. The penetration 
of the solder into the shoot wire and into the warp 
wire will change according to the temperature of 
the welding flame. For this reason careful control 
must be maintained on the gas lines which feed 
to the micro-welding torches. Suitable clamps and 
protecting plates direct the tip of the brazing or 
welding flame to the work and prevent heating 
of the wire mesh near the seam. The fluxing of the 
braze is of primary importance in insuring a firm 
bond between solder and wire. Compounds of boron 
and also the fluoride salts make the best cleaner, 
which may be applied in the form of a wet coating. 

The most remarkable development in the seaming 
of Fourdrinier wires has been the application of 
gas and electric welding to the joining of warp 
wires. Under this operation the two ends contact 
each other. The torch is then applied and the two 
wires melt at their point of contact to form one 
continuous strand. The control of the flame tem 
perature in this operation is of utmost importance. 
When one considers the rapidity with which the 
seam can be introduced into a wire, as many as 
14,000 unit welds being made in one 8-hr. day by 


a Fourdrinier wire. The operator works with the aid of special mag 
nifiers. The two faces of the cloth must be joined perfectly, with no flaws or irregularities. 


































a single operator, the fruits of industrial research 
will be appreciated. It was only through hours ot 
tedious development that the art of welding couk 
have been perfected in this manner. 


Testing the Product: Wire Life 


The manufacturers of Fourdrinier wires realiz 
that probably the greatest single destructive influenc: 
contributing to wear on the paper machine is th 
abrasive effect caused by the particles of silica an 
china clay which becomes embedded in the tops o 
the suction boxes.1° However, no test has bee 
developed which will accurately predict the life o! 
any particular type of Fourdrinier wire. Ecourrou’ 
and others have suggested mechanisms for testing 
resistance to abrasion, but these tests do not evaluate 
the combined influence of reverse bending and 
abrasive wear, although they may be run in actual 
mill waters, or aluminum sulphate solutions, The 
dynamic bend test for both single strands and for 
strips of woven wire gives an excellent indication 
of the resistance of wire to reverse bending. Seams 
are also tested in this manner to determine what 
percentage of normal unseamed wire life, a seamed 
specimen will be capable of yielding. There is no 
test which will indicate mill life, for no two mills 
subject the Fourdrinier wire to like conditions of 
wear. 

The new high speed paper machines, while show- 
ing less tendency to abrade the wire on the suction 
boxes, give rise to new problems of tensile loads 
and many other peculiar operating difficulties which 
do not appear in the slower model machines. For 


METALS ALLOYS 





AND 

























































instance, the substitution of bakelite, plastic, or 
metal, for end grain maple, for suction box tops in 
some machines has changed the type of wear experi- 
enced from the suction boxes. Such factors as poor 
alignment of the rolls on the paper machine, im- 
proper crown of the breast or couch rolls, too high 
a suction on the boxes, and roll bearings which 
offer a drag against the free movement of the wire, 
denting and creasing of the wire when it is in- 
stalled, or by stock bumps, are all factors beyond 
control of the wire manufacturer, and which materi- 
ally affect the life of the wire. These influences are, 
of course, almost impossible to check or duplicate 
in laboratory life tests, and yet in many cases, they 
may be the determining factor in the record of any 
given wife. 

In this connection it should be pointed out that 
the wire has its most rigid inspection on the 
stretcher operation following seaming. Every inch 
of the cloth is inspected as it passes over the stretcher 
roll. Following this, the wire is removed from the 
stretcher by moving out both rolls of the stretching 
mechanism. A final check on measurement is then 
made before the wire is wound on three poles. The 
ends of the poles are securely tied and nailed to 
end blocks to prevent shifting of the wire, and the 
poles and wire are wrapped in cellulose wadding 
before being lowered into the box. 

During transit, the wire may be severely damaged 

end shock or dropping of the box. End shock 

y cause slippage of the Fourdrinier wire on the 

es generally resulting in a series of small parallel 

kers distributed across the wire where it is 
nched between the bottom poles. The dropping 
the wire box on the other hand may cause a 
ies of crow foot marks running down the center 
the wire. Both these types of damage are quite 
‘ifferent from a pole mark which can be caused 
by careless removal of the poles from the wire. A 
pole mark generally is formed outward and is in 
the nature of a small streak running almost parallel 
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Silver soldered type Fourdrinier seam. Upper photo 
is a section through the warp wire at the seam at 
100X. The half-sectioned brass shoot wires are fixed 
to the bronze warp wires by the silver solder which 
forms the fillets shown in the illustration. The lower 
photo is a macro-view, at 30X, showing the ap pear- 
ance of the seam from the top of the wire. 


Showing a wrinkled wire, used 
and damaged in transit. 2X. 








to the shoot wire but generally varying somewhat 
in its direction. These damaged areas like any small 
indentation in the wire, are apt to wear through 
causing early failure. Most manufacturers prefer 
to be advised when the mill discovers damage of 
this nature so that the wire can be returned and 
the damaged spot removed rather than to have the 
paper mill run the wire, in such condition, or 
attempt to remove the spot themselves. 




















































Effect of Seasons 


In the case of certain paper mills, wire life has 
been noted to be abnormally short in the early 
spring and summer months. Several investigators 
have attributed this to the prevalence of organic 
acids in stream waters, probably caused by the decay 
of vegetable matter and plant life in the streams 
in warm weather. Likewise, some mills have noticed 
unexpectedly low wire life, which probably may be 
traced in part to the high hydrogen sulphide content 
of the natural waters used by the mills, in certain 
localities. The use of all bronze Fourdrinier wires 
has done much to avoid these seasonal, and natural. 
corrosive conditions, The wire manufacturers have 
pointed out that the bronze alloys are much less 
susceptible to corrosion, and corrosion cracking, and 
in many instances will more than pay for the addi. 
tional premium on price by the added satisfaction 
in performance which they can give to the pape: 
mill. It will be only through extended research 
in following out the individual problems such as 
these that any great improvements will come to the 
production of Fourdrinier wires. The paper mills 
and the wire manufacturers must work hand in hand 
in observing the operation of the Fourdrinier wire 

In recent years, when claims have been made on 
wires because of short life on the machine, it has 
been the practice for the manufacturer to ask for 
the return of the damaged or failed wire. Mills at 














Gas welded, "dot-type,” Fourdrinier seam. Upper 
photo shows the structure of the fusion welded 
bronze warp wires, longitudinal section at 100X. 
The shoot wires do not become part of the seam 
in this case. The lower photo is view of the surface 
at 30X. 


















Close up view of a wrinkled 
wire which was used. Note the 
irregular wear on warp knuckles. 


15X. 














first were reluctant to accept many of the conclusions 
brought out by the manufacturer regarding the cause 
for failure. The paper mill operators must realize 
the real value the wire manufacturer gains from the 
inspection of these used wires, and that, through 
this medium of exchange of comments and ideas, 
the greatest strides may be taken in improving wire 
life. 


Gas welded Fourdrinier seam used in regular weave 
wire cloth, This seam probably comes closer to the 
appearance of woven cloth of any seam. The lower 
photo is a longitudinal section through the bronze 
warp wires which are butt-welded at the seam. The 
photo at right is a view at the surface at 30X. 
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The manufacturers of the Fourdrinier wire appre- 
ciate this fine cooperation which in recent years has 
indicated a trend to greater interest in these problems 
on the part of the paper manufacturers. They look 
forward in the future to a new spirit of cooperative 
interest in the hope that this may be the groundwork 
towards the development of a better product. 


Note: This article, Part I of which was published 
in February, is adapted from a paper which has been 
submitted to the Technical Association of the Pulp 
and Paper Industry and which we have been per- 
mitted to use through the courtesy of that organiza- 
tion. The paper was scheduled on the program of 
that society's February convention in New York but 
was not pre-printed.—E. F. C. 
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Some Oxygen-Free Coppers 






— Annealing and Drawing Characteristics 


by SIDNEY ROLLE and H. M. SCHLEICHER 


Assistant Manager and Metallurgist Respectively, Scomet Engineering Co., New York 


delivered their first paper on ‘Some Comparative 

Properties of Tough-Pitch and Phosphorized 
Copper,’’? oxygen-free high conductivity copper, con- 
taining no residual deoxidants which might affect 
the electrical conductivity was not available to the 
trade. However, such a copper (OFHC) was put 
on the market early in 1932, and within less than 
a year was being used in commercial quantities by 
many fabricators here and abroad. The authors of 
the paper just cited recognized the importance of 
this commercially new kind of copper, and after 
investigating its properties, presented a second paper? 
in which they compared the properties of four kinds 
of copper: Lake tough-pitch, electrolytic tough-pitch, 
phosphorized and OFHC (oxygen-free high conduc- 
tivity electrolytic). 

A few years later the producers of OFHC copper 
were called upon to furnish a copper which would 
combine the desirable characteristics of OFHC with 
those of phosphorized copper. Such a copper would 
be immune to embrittlement when heated in a reduc- 
ing atmosphere, would have a high reduction of 
area and elongation, would be free scaling, and 
would have a higher softening temperature than 
OFHC copper. The fabricators indicated that they 
wanted an oxygen-free copper which would be pro- 
duced from electrolytic copper cathodes under the 
same precise control of atmosphere and temperature 
as used in the production of OFHC* and without 
the use of metallic deoxidants, but containing from 
0.015 to about 0.025 per cent phosphorus. Accord- 
ingly, the producers of OFHC, the Oxygen-Free 
Copper Department of the United States Metals 
Refining Co., (now called The Scomet Engineering 
Co.) developed and installed equipment to provide 
means for adding definite amounts of phosphorus 
to the molten oxygen-free copper before it enters 
the molds, and the resulting castings, such as billets 
and cakes, would contain this same predetermined 
amount of phosphorus. It should be emphasized here 
that in the process* used for making OFHC copper, 
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the metal is protected from the atmosphere from the 
time it leaves the deoxidizing unit in molten form 
until the solidified castings drop out of the bottom 
of the water-cooled molds. Consequently, the phos- 
phorus is not oxidized, but remains in combination 
with the copper (probably as a phosphide) and 
practically all of it is available to give the copper 
the properties far which it is added. 

The present investigation is a continuation of 
the work done so admirably by Webster, Christie 
and Pratt, its purpose being to obtain similar data 
for other types of copper, such as OFHC containing 
phosphorus (hereinafter called OFHC + P) and 
regular phosphorus deoxidized copper. Inasmuch as 
a complete analysis was not made on the particula: 
sample of OFHC copper which was previously in 
vestigated by these authors, another sample has bee: 
included in the present work. 


Procedure 


The present investigation was conducted in th: 
laboratories of the Bridgeport Brass Co., Bridgeport 
Conn., along the same lines as were the two previous 
ones, but besides tests on rods, tests were also made 
on tubing fabricated in the conventional manner, 
in order to meet the suggestions of those who 
claimed this to be desirable because phosphorized 
copper was used almost exclusively for tubing, and 
in this way light would be thrown on the effect of 
the form of the copper under test. 

A description and the analyses of the three kinds 
of copper used in the present investigation follow: 


1. Phosphorus Deoxidized Copper: This is made 
from electrolytic copper to which phosphorus is added 
in sufficient quantity to deoxidize the metal and leave 
a residuum of about 0.020 per cent P. ‘The term 
“Phosphorized Copper” as used in this paper refers 
only to copper produced in this manner, and not to 
OFHC containing phosphorus. This copper must not 
be confused with the Phosphorized Copper studied 
by Webster, Christie and Pratt; that material was not 
oxygen-free and contained only 0.009 per cent P. 
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2. OFHC + P: This is made by adding phos- 





Two check tests were made at 500, 600 and 700 
phorus to molten OFHC Copper. The OFHC is deg. aa 
oxygen-free and, therefore, only enough phosphorus «3 , : , , 
is added for the specified content (usually about (b) The 0.5-in, dia. rods Were cut into 3 ft. 
0.015 per cent), none being required for deoxidation. lengths and then annealed in an electrically heated 
3. OFHC: This copper is produced by a patented muflle at about 500 deg. C. for 2 hrs., pickled and 
process from electrolytic Moa arn + be drawn to sizes diminishing by about 0.03-in. as shown 
oxygen-free, contains no residual deoxidant, and by in Table II. The procedure followed closely that 
keeping the impurities below certain limits, its elec- 3 j , : ; 
trical conductivity is high. given by Webster, et al in their first investigation’. 
Table I shows the analyses of these three coppers. TABLE Il 
The analyses show that all three kinds of copper wy ot yy ae 
are of high purity. None of the impurities is present 0.499 0 
in abnormal amount. o 487 " : —e 
The billets of phosphorized copper were taken 0.408 33.0 
from stock at the Bridgeport Brass Co. Those of 0.372 ........ pececerns 44:2 
f ‘ | PR SER oe TTT Ve ee Peer 
the two types of OFHC copper were obtained from ee ks) eo, ae 3 ae 
stock of The American Metal Co., Ltd. Several OBI gencsrecsees reece erereeseneecens 68.7 
billets of each kind were analyzed in order to be my he | pub iaian: tS 
sure that those used were normal in all respects. ~~, Sete Settee beet eteeeees ++ 85.8 
. ° . See wees )-s6 6 oS b ht ew bes 6 » -akeed eels 90.0 
The complete details of the procedure used in making 


the tests follow: Tensile strength, percentage elongation in 2 in. 


and percentage reduction of area determinations were 


‘ _ made on samples cut from each of the rods shown 
A. Preparation and Testing of Rod Samples in the table, and turned down to an area approxi- 
Billets Nos. 1, 3 and 5 (3 in. dia.) were heated mately 50 per cent of the original area. 


at about 825 deg. C., and then hot rolled to 0.810- 
in. dia. rods; then annealed at about 600 deg. C. for 


. B. Preparation and Testing of Tube Samples 
rs. The rods were then pickled preparatory to 


cold drawing in two stages to 0.5 in. dia. rods, _ Billets Nos. 2, 4 and 6 (3 in. dia.) were pierced 
a total reduction of 62.5 per cent. The resulting in a Mannesmann machine to shells 2.50 in, O.D. x 

s were then divided into two equal portions, 0.250 in. wall. One-half of each shell was drawn 
(2) for making the annealing tests, and (b) for the without anneal to 0.875 in. O.D. x 0.065 in. wall, 
drawing tests. a reduction of 90.5 per cent. The other half of each 

(2) Two samples, each 8 in. long, were annealed shell drawn without anneal to 1.50 in. O.D. x 0.100 
for 1 hr. in an electrically heated muffle at the in. wall, annealed at 500 deg. C. for 2 hrs. and then 
following temperatures (Centigrade) : redrawn without anneal to 0.875 in. O.D. x 0.065 


190°, 220°, 250°, 300°, 400°, 500°, 600° and 700' in. wall, a reduction of area of 62.5 per cent. 


TABLE I—ANALYSES OF THE THREE COPPERS 


Phosphorized 
Billet No. OFHC + P Billet No. OFHC Billet No. 
1 2 1 2 ] 2 Method of 
ee — ———$4nr—_——__— ——_—_—_—_—__a_—x« Analysis 
Phosphoue shine ed ice so by bike. 0.021 0.020 0.013 ae" ae eS ee Chemical 
Bulokur ivs« doe eee ode ads Ch 2 0.0027 0.0042 0.0034 0.0041 0.0040 0.0042 Chemical 
MTSQC Shik be Secs dhe ces 0.0008 0.0008 0.0004 0.0004 0.0004 0.0004 Chemica! 
Antimony vas ca ae 6 beeen 0.0015 0.0014 0.0004 0.0007 0.0006 0.0006 Chemical 
Ole nN a nts Sae. do ks eee cokes 0.0008 0.0003 0.0003 0.0007 0.0003 0.0008 Chemical 
SOU ue ities sk hos cee ee 0.0016 0.0013 0.0013 0.6012 0.0007 Chemical 
Read . anvawn Lists ues os 0.0010 0.0010 0.0008 0.0008 6.0005 0.0005 Spectrographic 
mead . lssdne ieee eee ee. see EE), 3, uae ee a ws Chemical 
ON . 000 0a dca ee 0.0003 0.0003 0.0001 6.0001 0.0001 0.0001 Spectrographic 
Peamuth . 1... <a aw aas celia 0.0002 0.0002 0.00005 0.00005 tr. tr. Spectrographic 
SECON . 0 c0ty 3.6 00h bh Vee ae <> ee 0.0010 0.0015 0.0015 0.0010 0.0005 Spectrographic 
INCOM «..s. yl A i ee ae ae. . > “Seiwa. ee lS eS tae Chemical 
eae i oes) ees 0.006 0.002 0.003 6.002 0.001 Spectrographic 
I ne ake ES PS at te ote SR 3 Fe ES: ee aa ae ye Chemical 
NE ee 0.0002 0.0002 0.0002 0.0005 0.0005 Spectrographic 
eg BS eee 0.0015 0.0015 0.0005 0.0005 0.0005 0.0005 Spectrographic 
Nickel os as he ease eee d= wr, oe Wale ES ae ees 8 * —i‘(“ Se >. ioe Chemical 
IPS AY Oe PG. sos 0089 0.0023 0.002 0.062 0.002 0.002 Spectrographic 
BE Saw dia = Or Ext ba. 4c ne DS NA Thee , eee = FS ree Chemical 
Ee ee . Nil é; Nil Nil Chemical 
OE. AB okie. voller Bice. ® bad ® ® ad 
OR Tae 99.9655 99.9760 99.9873 
EE ae ae Filta ER 99.9865 99.9890 


* None detectable under microscope at 200 x. 


** By difference, based on chemical analysis where available. 
¢ Omitting phosphorus. 
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Fig. 1. Characteristic annealing curves of various 


kinds of copper. (Rod samples reduction 62 per 
cent. ) 














































0 490 
£ 
B 60 go 2 
L& < 
Rev £ 
o£ DT 70 '¢ 
—c 2 
2.5 . 
S+ 40F- 60 8 
=? & | 
oP | My 
+6 | a OFHC+P so ™ 
=” |< Aaebeiie: ae 
o+- | osphorized | c 
SS 201-4 t——_ +} 400 
<5 Elongation | & 
“G. ' ' 
c 10 b— 4p ——— — a aes 0 
0 | | | | i i ; . a 





Soft 10 20 30 40 50 60 70 80 
Per Cent Reduction by Drawing 

Fig. 2. Characteristic drawing curves of various kinds 
of copper. (Rod samples reduction 62 per cent.) 


Lengths of 12 in. were cut from each piece of 
0.875 in. O.D. x 0.065 in. wall tubing made from 
both halves of the shells and then annealed in bun- 
dles of 3 samples for 10 mins. in molten salt bath at 
the following temperatures C: 


250°, 275°, 300°, 325°, 350°, 375°, 400°. 


Tensile strength tests were made on each tube, 
using round nose tapered plugs at each end to sup- 
port the wall. Each tube marked with four 1 in. 
gage marks between tapered plugs and elongation 
taken across breaks. between 2 in. gage. marks. 
Rockwell hardness tests made on concave (inside) 


surface of tubes; small 14 in. anvil used to support 
the tube. 
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Results 


The data obtained in the various tests have been 
plotted as follows: 

Fig. 1. Characteristic curves showing the effect of 
annealing on tensile strength, elongation, reduction 
in area and grain growth of various kinds of coppet. 
(Rod Samples Reduction 62 per cent). 

Fig. 2. Characteristic curves showing the effect of 
drawing on the tensile strength, elongation and re- 
duction in area of rods of various kinds of copper. 

Fig. 3. Characteristic curves showing the effect of 
annealing on tensile strength and elongation of va- 
rious kinds of copper tubing 62.5 per cent hard. 

Fig. 4. Characteristic curves showing the effect of 
annealing on tensile strength and elongation of va- 
rious kinds of copper tubing 90.5 per cent hard. 

Figs. 5, 6 and 7. Characteristic curves showing the 
effect of annealing on tensile strength, Rockwell hard- 
ness and elongation of copper tubing 62.5 per cent 
and 90.5 per cent hard, made from phosphorized, 
OFHC -~+- P and OFHC copper respectively. 

Fig. 8. In order to facilitate comparison of the 
annealing characteristics of the six types of coppei 
investigated to date, particularly as indicated by ten- 
sile strength determinations, all the relevant curves 
for these tests are given on one plot. 


Discussion of Results: 
1. Annealing Characteristics 


a) Rod Samples, Reduced 62 per cent: The two 
phosphorus-bearing coppers behaved very much alike 
in the annealing tests. The OFHC copper softened 
at a lower temperature and marked crystal growt! 
started at a higher temperature than in the othe: 
two coppers. 

It is interesting to note the part played by the in- 
cidental impurities in copper in the rise of the soften- 
ing temperature obtained with phosphorus. The sum 
of the determined impurities in OFHC copper is 
about 0.013 per cent, and this happens to be equal 
to the percentage of phosphorus added, and presum- 
ably in solid solution in the sample tested. As indi- 
cated in Table V, the temperature for reaching com- 
plete softness is about 225 deg. C. for electrolytic 
tough-pitch copper, which has little impurity in solid 
solution; 350 deg. C. for OFHC with practically 
all impurities in solution, and 400 deg. C. for both 
phosphorized coppers with all impurities, and also 
around 0.013 per cent P in solid solution. Appar- 
ently the impurities in copper play an important part 
in the rise of softening temperature induced by the 
addition of phosphorus. 

b) Tube Samples, 62.5 per cent Hard; Of these 
three oxygen-free coppers, those with phosphorus 
showed similar behavior in the annealing tests. They 


METALS AND ALLOYS 








resisted softening ror about 50 deg. C. higher than 
the OFHC copper. 

c) Tube Samples, 90.5 per cent Hard: The rela- 
tive positions of the curves for these three oxygen- 
free coppers are similar to those of the tubes 62.5 
per cent Hard, which show that while the harder 
tubing of OFHC copper softened at a little lower 
temperature than the softer tubing, this did not hold 
true for the two phosphorized coppers. Pilling and 
Halliwell*, and Alkins and Cartwright® showed a 
marked lowering of softening temperature with in- 
rease of cold working on the copper they investi- 
gated. Perhaps the dilute alloys do not follow the 
same rule. 


2. Grain Size 


It will be noted that the grain size versus temper- 
ature curve for OFHC, as shown in Fig. 1, indicates 
the critical temperature is about 625 deg. C., above 
which the grain size increases markedly. It should 
be mentioned here that particular care was taken 
when measuring the grain size to avoid the zone of 
oxygen penetration. 

(he copper containing phosphorus showed grain 
erowth at lower temperatures. Phosphorus may act 
specifically on grain growth, but it seems more likely 

t the total amount of material in solid solution is 

determining factor. In phosphorized and OFHC 

P copper, grain growth begins at lower temper- 

s than straight OFHC, the break coming at 

ut 500 deg. C. At 600 deg. C., there is a marked 

diticrence between the size of the grains of OFHC 

and that of the coppers containing phosphorus; at 

this temperature OFHC grains are about 0.027 mm., 

reas the grains of the other two kinds of copper 

are 2!/, times as large. Full growth is attained in all 
three kinds of copper at 700 deg. C. 

The data (Table III) obtained in the annealing 
tests for the rod at 62 per cent reduction, and for 
tubing at 62.5 per cent hard, are closely the same, 
indicating that the particular form in which the cop- 
per was tested has little, if any, influence on the 
softening temperature. 


3. Effect of Cold Drawing 


It will be noted that the curves in Fig. 2 show that 
the reduction of area data for the two OFHC cop- 
pers are the same throughout the range of annealing 
temperatures, and are markedly higher than for the 
regular phosphorized copper. This superiority of 
OFHC copper was also indicated in the earlier 
Papers cited. 

It can also be seen that OFHC copper has a ten- 


dency to remain softer in the higher range of reduc- 
tion, 
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Fig, 3. Tensile strength and elongation curves of 
various kinds of copper. (Tube samples 62.5 per 
cent hard.) 
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Fig. 4. Tensile strength and elongation curves of 


various kinds of copper. (Tube samples 90.5 per 
cent hard.) 


TABLE III—ANNEALING DATA 


Rods Tubing Tubing 


62% Hard 62.5% Hard 90.5% Hard 
Kind of a * — ——_——_—_ A, 
Copper Temp. T.S. @El. T.S. ZE T.S. % EL 
Phosphorized ... 200 60,500 13.5 ..... -co Cee 5.0 
250 58,800 13.0 58,600 7.5 64,400 6.0 

300 55,800 14.0 55,800 11.5 60,900 9.0 

350 41,700 32.5 39,900 35.0 41,300 33.0 

400 35,400 48.0 35,300 58.0 36,100 56.0 

OFHC + P.... 200 59,400 14.5. ..... ..». 65,000 6.2 
250 58,300 15.0 57,900 9.0 62,700 6.5 

300 56,000 15.5 55,800 10.5 60,400 10.0 

350 38,000 39.5 44,700 ... 47,900 16.5 

400 35,000 49.5 35,900 49.5 36,450 47.0 

Coe ss bce a S66... See: 3S.8- saves .+. 60,000 8.7 
250 57,700 15.0 56,500 9.0 58,400 10.0 

300 42,000 30.0 41,400 29.5 38,400 40.0 

350 35,000 48.0 35,400 46.5 36,350 46.5 

400 34,700 49.5 35,200 47.5 36,700 48.0 
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4. Comparison with Earlier Results 


Before summarizing the results of this investiga- 
tion, it would seem desirable to compare these results 
with those obtained by Webster, et al., as reported in 
their two papers. 

The types of copper which were used in the three 
investigations are: 


1. Lake tough-pitch. 

2. Phosphorized copper. 

3. Electrolytic tough-pitch. 

4. OFHC No. 1 (used in the second investigation ). 
5. OFHC + P. 

6. Phosphorus deoxidized copper. 

7. OFHC No. 2 (used in this investigation). 


Nos. 4, 5, 6 and 7 having already been described 
in this paper, only Nos. 1, 2 and 3 need be discussed 
here. 

An abridged summary of the analysis available is 
given in Table IV. The elements not shown were 
present in about normal quantities and are not of 
particular interest. 

Lake Tough-Pitch: As might be expected, this 
copper contains much more silver than electrolytic 
tough-pitch and the arsenic is also higher. The oxy- 
gen, although on the low side for tough-pitch, is 
more than sufficient to satisfy all the oxidizable im- 
purities, leaving practically only the silver in solid so- 
lution. The effect of the silver in raising the soften- 
ing temperature is considerably less than that of the 
impurities in the OFHC (which are chiefly in solid 
solution due to absence of oxygen), even though the 
percentage of silver is nearly double that of the im- 
purities in OFHC. From which it may be concluded 
that the presence of certain other elements alters the 
effect of silver on the annealing characteristics of 
copper. 

Phosphorized Copper: This copper differs from 
the phosphorus deoxidized copper used in the present 
investigation in two important respects: It is not 
oxygen-free, and the phosphorus content is much 
lower. The micrograph of this copper in Fig. 7, of 
the earlier paper by Webster, Christie and Pratt, 
shows no cuprous oxide, and it is probable that the 
molten metal was thoroughly deoxidized by the phos- 
phorus, but picked up oxygen enough during casting 
to oxidize most of the residual phosphorus. Conse- 
quently, the other impurities are still in solid solu- 
tion and the copper is much similar to OFHC in re- 
gard to its softening temperature and temperature 
of recrystallization. 


TABLE IV 
Kind Phos- Anti- 
of Copper Copper Silver Oxygen phorus Arsenic mony 
Lame T. Piss. s 99.93 0216 .0330 Nil -0024 .0013 
Phosphorized .. 99.97 -0013 .0110 .0091 .0010 .0012 
G. Fs. Weaces . 99.96 er .0285 Nil are 
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Fig. 5. Tensile strength, Rockwell hardness and 
elongation curves of phosphorized copper. (Tube 
sam ples.) 
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Fig. 6. Tensile strength, Rockwell hardness and 
elongation curves of OFHC+P copper. (Tube 
samples.) 


Electrolytic Tough-Pitch Copper: The oxygen con- 
tent of this sample is on the low side for tough-pitch 
copper. Practically all the impurities are oxidized 
and, with so little material in solid solution, the soft- 
ening temperature should be relatively low. How- 
ever, the softening point indicated for this copper is 
a little lower than would be expected for the ordi- 
nary run of electrolytic tough-pitch copper, leading 
to the conclusion that it was an exceptionally pure 
grade of metal. The analysis seems to confirm this 
idea. 


Summary 


OFHC copper softens at a lower temperature than 
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Fig, 7. Tensile strength, Rockwell hardness and 


elongation curves of OFHC copper. (Tube samples.) 
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8. Tensile strength curves of six types of copper. 


either of the two phosphorized coppers which are 
oxygen-free. Electrolytic tough-pitch copper softens 
at a temperature well below any of the other coppers. 

The annealing and cold drawing characteristics of 
the two oxygen-free phosphorized coppers are closely 
similar, and this fact seems to indicate that not all 
the phosphorus in the regular phosphorized copper 
is in solid solution—some of it is probably in oxi- 
dized form. 

The approximate softening temperatures of the 
various types of copper investigated so far are given 
in Table V. The temperature given in each case is 
that at which the copper has become dead soft, or in 


other words, when its tensile strength has reached 
a minimum. 
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TABLE V—ANNEALING DATA ON RODS 


Original Approximate 
Tensile Softening, 
Reduction, Strength, Temp., 

Kind of Copper Per cent Lbs. per sq. in. deg. ( 
AMD. Fab o> shacae'en €6°e 62.5 57,500 300 
Phosphorized (not de- 

US > BRS rae 62.5 58,700 340 
Tough-pitch electro- 

Ae Pit i's eee 6:0 62.5 55,301 225 
ig lh er 62.5 57,500 350 
Cn mts eee Biv cesans 62.0 60,200 400 
Phosphorus (deoxidized) 62.0 60,200 400 
iP Es Wer Os véetwveee 62.0 59,00( 350 


The annealing characteristics of the three oxygen- 
free coppers were not appreciably affected by the 
form in which the copper was tested. 

Increasing the reduction from 62.5 to 90.5 per cent 
has but little effect on the annealing characteristics 
of any of the coppers investigated. The only sig- 
nificant difference in the results obtained in the pres- 
ent investigation from those reported in the earlier 
ones is in the grain or crystal growth of OFHC cop- 
per. In determining grain size, it is essential to avoid 
the zone of oxygen penetration which occurs when 
OFHC copper is heated in air. However, this char- 
acteristic of OFHC was not so well known at the 
time of the earlier work. 
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Polishing a sheet of Enduro stainless steel. (Courtesy: Republic Steel Corp.) 


Carbide Precipitation and Pitting Corrosion 


“18 and 8,” notwithstanding its many excellent 
qualities of strength and toughness together with 
high general corrosion resistance, nevertheless suffers 
from two defects which, under certain conditions of 
service, may seriously affect its usefulness. These are 
carbide precipitation, and pitting corrosion. 

When first introduced by Krupp the austenitic 
chromium-nickel steels were claimed to be “fool 
proof’’ and entirely free from the peculiarities and 
objectionable qualities of the straight-chromium steels. 
It was heralded loudly that they were permanently 


austenitic, without critical temperature, and there- 
fore, there could be no structural alteration, no mat- 
ter to what temperature heated, nor how long held. 
There was, of course, a considerable measure of 
truth in all this. The crystaliine grains that are 
formed, and the whole of the structure of the fully 
annealed material, may, and in most cases, will re- 
main essentially austenitic after heating to any tem- 
perature at which the steel could reasonably be used. 
But this is not the whole story. When these austen- 
itic steels are heated in the range 800 to 1500 deg. 
F., even for a very short interval, they undergo a 
structural change which, although small, may have a 
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very pronounced effect on the resistance of the metal 
to chemical attack. This change, now well known, 
involves the precipitation of carbon in the form of 
carbides as fine particles along the boundaries of the 
austenite grains. The precipitation takes very rapidly 
at certain temperatures, so that a heating of only a 
few minutes will suffice to produce a most profound 
effect on the corrosion resistance of the metal where 
such precipitation has occurred. 

That carbon, or carbides, should be precipitated 
from austenite may appear somewhat as a paradox, 
particularly as there has been so wide acceptance of 
the idea that austenite is unique in its ability to dis- 
solve carbon and carbides. But experiment has 
shown that the solubility of carbon in iron-chromium- 
nickel austenite is a functicn of the temperature, and 
s very low (roughly about 0.02 per cent) below the 
range 1550 to 1600 deg. F. Such steel when cooled 
rapidly from a high temperature is in a state of meta- 
table equilibrium and can be compared to any other 
indercooled supersaturated solution. Precipitation of 
itbides will, therefore, take place, time permitting, 
with this range as an upper limit down to tempera- 
tures where the sluggishness of the austenite and the 
rigidity of the metal prohibit further change—about 
300 to 900 deg. F. 

The size in which the carbide particles are found 

termines the injury they may do. Large isolated 
carbide particles are not especially harmful, and act 
like any other inclusion; but closely spaced small 
particles, such as become discernible in the micro- 
scope at about 1500 diameters, and located in the 
grain boundaries, are very harmful. 


tffects of Carbide Precipitation 


In precipitation carbon is usually assumed to ap- 
propriate chromium from solid solution for the for- 
mation of chromium-rich carbides, with resulting 
highly localized depletion of chromium in the inter- 
granular spaces. The result is greatly reduced corro- 
sion resistance in those regions where precipitation 
has taken place. This is the generally accepted hy- 
pothesis. However, an alternative has been proposed 
which suggests that the carbides are primarily iron 
carbides, and the decreased corrosion resistance at the 
grain boundaries, where the carbides separate, is 
then ascribed to the setting up of local stresses. While 
the greater corrodibility of metal under stress is well 
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known, it seems improbable that any condition of 
stress alone can explain the severity of the attack that 
may occur in the grain boundaries. Further, it is dif- 
ficult to understand why iron carbide should have 
greater ability to set up stresses than chromium car- 
bide. 

Whether the carbides are chromium or iron, the 
effects of their precipitation are definite and various. 
The most serious is the loss in corrosion resistance 
along the grain interfaces, which, in certain media, 
may be so severe that the metal is reduced to a group 
of mechanically interlocked crystals and rendered ut- 
terly useless. If the environment is such as will not 
produce intergranular corrosion the effect on physical 
properties is a small, but distinct, increase in tensile 
strength, yield point, and hardness, with decrease in 
ductility and impact strength. By themselves such 
modifications are not sufficient to impair seriously the 
usefulness of the steel; but if heating in the danger 
range of temperature is continued over a very long 
period, as in high temperature service, the general 
effect is increased, and may reach a maximum of 20 
per cent increase in tensile strength accompanied by 
a 40 per cent reduction in ductility. 

The effects of carbide precipitation will become 
evident whenever the steel is heated in the range 
800 to 1500 deg. F., and as this can occur in fab- 
rication by welding, or in actual service, the useful- 
ness of the steel, unless otherwise safeguarded, will 
be seriously impaired thereby. Not only will precipi- 
tation take place by heating in this range, but also 
during slow cooling from higher temperatures. 
Therefore, rapid cooling is essential, and the im- 
portance of this cannot be too strongly emphasized. 
For instance, the time taken to pass through the 
precipitating temperature range, for a 1-in. round 
bar heated to 2000 deg. F. and allowed to cool 
freely in air, will not be sufficiently short to avoid 
the formation of some carbides. The precipitation 
of carbides during even moderately slow cooling pro- 
hibits the use of forged or rolled material without 
subsequent heat treatment. Thus the higher physicals 
of bars that have been rolled at moderate tempera- 
tures, although interesting to the engineer, should 
be regarded with suspicion, since such steel will 
almost invariably show precipitated carbides along 
the grain boundaries. Working at moderate tem- 
peratures, which may be considered “cold” for these 
austenitic steels, is dangerous, and not to be confused 
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Ammonia oxidation towers of 
the E. I. du Pont de Nemours 
& Co. Repauno plant, Gibbs- 
town, N, ]. They are made of 
plates of 16 to 18 per cent 
chromium steel, varying in thick- 
ness from Yi, to 34, in. About 
115 tons of Enduro plates were 
used, (Courtesy: Re public Steel 
Corp.) 


with cold working at room temperature, after which 
reheating will produce carbide precipitation of an 
entirely different character. 


Overcoming Carbide Precipitation 


Since the effects of carbide precipitation are so 
objectionable and in some cases disastrous, much 
effort and thought has been expended in finding a 
means of overcoming it. Some of the methods for 
doing this may be considered accordingly. They are 
as follows: 

(1) Since carbon is the principal offender, eliminate it 
from the steel. This is more easily said than done. To 
produce carbonless “18 and 8,"’ or even with maximum 0.02 
per cent C, is not commercially feasible at the present time. 
The next consideration is to maintain carbon as low as pos- 
sible. This is now being done, and specifications usually 
call for a maximum of 0.07 per cent C for steel for severe 
applications. An English producer claims to supply mate- 
rial of 0.03 per cent maximum C, but it is questionable 
whether material of even 0.02 per cent C is entirely free 
fromm carbide precipitation under very adverse conditions. 

As an alternative, it has been claimed that by increase in 
alloy content, as by raising chromium and nickel and main- 
taining a certain minimum, carbide precipitation might be 
avoided. This is now known definitely not to be the case. 
Steels with content as high as 25 per cent Cr with 12-15 
per cent Ni show carbide precipitation in a_ strikingly 
analogous manner. 

For general applications, where only mildly corrosive 
conditions are encountered, as for kitchen and cafeteria 









equipment, architectural decorative work, automobile trim- 
mings, dairy and food processing machinery, etc., the 
effects of carbide precipitation will not be sufficiently 
severe, even with carbon as high as 0.10-0.12 per cent, to 
require any preventive treatment. During the fabricating 
operation on the thin sheets commonly used for such appli- 
cations the metal will seldom be maintained in the danger 
range of temperature for a sufficient time to cause injury. 

But for equipment exposed to severely corroding media, 
as in the chemical manufacturing and process industries, 
and particularly where the metal will be exposed to the 
danger range of temperature for long periods of time, even 
the low content of 0.07 per cent C may produce sufficient 
precipitation to cause embrittlement or corrosion, and some 
method of avoiding this must be employed. 

(2) Retreatment of the steel after fabrication, or what- 
ever operation has caused the carbides to be precipitated, 
obviously, will restore the solid solution, and is all that is 
necessary. Sometimes this will be possible, but more often 
not, because of the shape or size of the piece e.g. there 
may be no furnace large enough, nor able to maintain a 
sufficiently high temperature. Or, if such furnace be avail- 
able it would be difficult, if not impossible, to cool the 
piece at sufficiently rapid or uniform rate to avoid the 
precipitation of at least some carbides. Further, treatment 
at a high temperature would be ruinous to the polished sur 
faces of any equipment. In addition, such treatment will 
not solve the difficulty of equipment or machinery which 
in service must be maintained in the danger range of tem- 
perature, as is frequently the case. Hence, some other 
method must be considered. 

(3) If carbon cannot be held to a sufficiently low limit, 
or if heat treatment after the occurrence of carbide precipi- 
tation is not possible, some method must be devised in 
which precipitation of carbides is allowed to take place, 
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but in such form that either no, or a minimum of, sensitiza- 
tion to corrosive attack occurs. This can be done as follows: 

Since precipitation preferentially takes place in areas of 
molecular irregularity, /.e., the crystalline interfaces, it has 
been suggested that by increasing the number of such sur- 
faces, as by slip along crystalline planes through severe cold 
working, and following by heating in the precipitation range, 
a wider and more general distribution of carbides might 
he induced which would be less harmful. This has been 
found to be the case, and such “cold worked equilibration 
is a possible method of reducing the highly localized sensi- 
tization along grain boundaries. 


Other Methods 


A second method of ‘‘tolerating”’ carbide precipita 
tion is based on the fact that, as precipitation of 
carbides in ferrite takes place more freely and in a 
different manner than in austenite, initial production 
ferrite-forming elements (molybdenum, vanadium, 
silicon, aluminum, efc.) or by sufhciently varying 
the chromium content, would tend to distribute the 


Stainless steel kettles built by Metal Crafts, Inc., 
East Orange, N. ]., for Cranberry Canners, Inc., 
(Courtesy: Re public Steel 


Corp.) 
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precipitation of carbides to regions other than the 
grain boundaries. To render this method effective 
the steel must be produced with a relatively large 
proportion of ferrite phase, and this has actually been 
accomplished by use of high percentages of silicon; 
but so many of the valuable properties of ‘18 and 8” 
depend on the homogeneity of its austenitic structure 
that this method has not been generally adopted. 
Incidentally the hot working qualities of the 2-phase 
alloy leave much to be desired. 

A third method—and that in currently widest use 

is to introduce some other element that will modify 
the composition of the precipitated carbide so as to 
prohibit, or at least, greatly reduce the localized 
sensitization to attack, but which will be without 
deleterious effect on the metal as a whole. The best 
of such additions are carbide forming elements and, 
to be effective, elements for which carbon has greater 
affinity than it has for chromium. Such elements are 
available, the most important being columbium, 
titanium, molybdenum, and tungsten. Besides the 
addition of the element, a heat treatment of the metal 
is advisable to ensure that the added element can 
function to its maximum capacity in decoying the 
catbon from its previously preferred combination. 


Stabilization 


The work of Bain, Aborn and Rutherford, and 
that of Becket and Franks, has shown that titanium 
and columbium are very useful elements for this pur- 
pose, as both have high affinity for carbon and form 
stable carbides. Titanium is more abundantly avail- 
able than columbium and is lower in cost, but colum- 
bium has advantages that appear to compensate for 
this. Experiments have demonstrated that with sufh- 
cient titanium or columbium and necessary main- 
tenance at a temperature of about 1550 to 1650 deg. 
F., all of the carbon, with the exception of a trace 
that remains in solution, will be precipitated as 
titanium carbide or columbium carbide. The heat 
treatment of steel with added carbide-forming element 
at the temperature noted has been called “‘stabiliza- 
tion,” because the metal is stabilized against any 
further change (such as carbide precipitation) at a 
lower temperature. 

For stabilization to be successful a sufficient per- 
centage of the stabilizing element must be available 
for combination with the excess carbon above that 
permanently remaining in solution. Experiment has 
shown, and this is confirmed by theory, that for low 
carbon and mild service conditions, a titanium con- 
tent of four to six times the carbon, or a columbium 
content of seven to eight times the carbon, is sufh- 
cient for the purpose. For higher carbon and severe 
service conditions, the added percentage of either 
element must be increased. To make stabilization 
complete heat treatment should follow, and to make 
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Railing, trim, etc., on front and rear stairways of F. W. Woolworth Co. store, Germantown, Philadelphia. Fa! 
ricated from Enduro sheets and bars. (Courtesy: Republic Steel Corp.) 


this as effective as possible sufficient time should be 
permitted for the completion of the reactions in- 
volved. This will be inconveniently long at tempera- 
tures under 1550 to 1600 deg. F. Above this range 
carbides generally remain in solution. Hence, the 
stabilization treatment is confined to a narrow range 
of temperature at about 1600 deg. F., at which 
maintenance for some 3 or 4 hrs. followed by air 
cooling will be sufficient for practical purposes. In 
welds, or other cases where stabilization treatment 
after fabrication cannot be applied, the columbium 
content should be increased to eight times the carbon 
for mild conditions, or to eleven times the carbon 
for severe service conditions, and such ratios have 
been found very effective in producing immunity 
to intergranular corrosion in the absence of the 
stabilizing heat treatment. 

Titanium is less expensive than columbium, but 
it oxidizes readily and difficulty is experienced in 
retaining the necessary content in the steel; also it 
volatilizes in welding operations. On this account 
titanium-bearing “18 and 8” is not suitable for use 
in welding rods. The titanium is oxidized and the 
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resulting weld metal is not free from intergranula 
attack. Columbium, although originally scarce, is now 
available in sufficient quantities for commercial us 
It has the advantage that it does not oxidize readily, 
and there is greater recovery in the steel making; 
thus, its higher initial cost appears to be compensated 
Welding rods, whether for base metal containing 
titanium or columbium, should always be made from 
columbium-bearing ‘18 and 8” and, as is good prac- 
tice, the general alloy content of welding rod stock 
should be somewhat higher than that of the base 
metal to be welded. 

Where columbium is used in considerable per- 
centage it is advisable to increase the manganese 
content from about 0.50 per cent to between 1.0 and 
2.0 per cent to improve hot working qualities. This 
increase in manganese is reported to be without 
injurious effect on either the physical properties or 
the corrosion resistance. 

Because the chief difference between annealed and 
stabilized “18 and 8” is the presence of some small 
inert carbide particles dispersed at random through 
the metal, there will be little change in mechanical 
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or physical properties other than slightly increased 
tensile strength and lessened ductility. In respect 
to corrosion, there appears to be some slight improve- 
ment in the resistance of the stabilized ‘18 and 8” 
against certain media. Here, columbium has the 
advantage, since its use in no instance appears to 
diminish corrosion resistance, while titanium slightly 
reduces resistance to certain chemicals. 

The important difference between stabilized and 
normal “18 and 8” rests on the ability of the former 
to withstand heating for indefinite periods at tem- 
eratures under 1600 deg. F. without becoming 
embrittled or susceptible to destructive corrosive 
attack. Therefore, its importance is felt in those 
applications where the metal, either in fabrication, 
or in actual service, is exposed to this temperature 
range for a longer or shorter time. A further advan- 
tage of stabilized “18 and 8” is that cooling may 
proceed slowly and thus avoid the setting up of 
stresses which, Hodge and Miller have shown, may 
be sufficient in certain corrosive media to cause rapid 
failure by cracking. For relief of stresses tempera- 
tures as high as 1600 deg. F. may be necessary, and 
stabilized “18 and 8”’ may therefore be slowly cooled, 
or annealed, from this temperature without producing 
undesirable results as in normal “18 and 8.” 


Pitting Corrosion 


The second of the defects from which ‘18 and 8” 
suffers is pitting corrosion. While the general 
resistance to attack of “18 and 8” is high, and 
perhaps exceeds that of any other metal or alloy 
outside of the noble metal group, its susceptibility 
to this one type of corrosion is serious, and especially 
so because thus far all efforts to overcome it seem 
to have been unsuccessful. Pitting is sometimes 

d “worm-hole” corrosion because of the appear- 

of the metal, which is without general corrosion, 
yet is attacked sharply in localized areas, so that it 
appears as if attacked by “‘borers” or termites of som: 
sort. The attack may be so severe and localized that 
the metal will be penetrated in one or more places 
in a short time, although general corrosion is entirely 
absent. 

This type of corrosion occurs when “18 and 8” 
is exposed to dilute solutions containing halogen 
salts such as brines, sea-water, dilute acid solutions, 
cleaning solutions, and the like. The attack may 
occur where foreign matter is present on the surface, 
and will also occur frequently where the surface 
is supposedly clean and free from all contamination. 

Much effort has been expended in investigations 
to ascertain the cause of this type of attack and 
thereby, if possible, to develop a remedy. Theories 
have been advanced that are sufficiently plausible in 
explaining why pitting should occur where foreign 
matter is present, and why it should continue once 
it has commenced but, so far, no satisfactory reason 
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has been presented as to why, on supposedly clean 
metal, it should commence at all, or at one place 
in preference to some other. 

Where foreign matter is present contact corrosion 
is set up and attack proceeds rapidly in the presence 
of suitable media, but where the metal is clean the 
cause of attack is more difficult to explain. Micro- 
scopically visible inclusions and carbides appear to 
be innocent. Nevertheless some metallurgical pecu- 
liarities must exist which affect the state of the 
surface, and thus invite attack, but thus far efforts 
to identify these peculiarities have been unsuccessful. 
Pitting, having once started, proceeds rapidly, so 
that penetration follows in a short time and the 
metal becomes useless for practical purposes. Oxygen 
deprivation in the pit itself seems to be a logical 
explanation for the continuance of the attack, and 
electrolytic action between the products of corrosion 
and the surrounding surface may also share in this. 
But the reason for the starting of the attack is still 
unexplained. 

The addition of other elements to the “18 and 8” 
combination has been found helpful, but not com- 
pletely successful. Molybdenum (of which more 
later), is the most useful. There are many reports 
of its effect in diminishing pitting attack or, what 
amounts to the same thing, in delaying the time of 
commencement of the attack. Wulff and Uhlig have 
found, rather curiously, that molybdenum, while 
effective against saline solutions and chloride brines 
is not so effective against solutions containing bro- 
mine salts, which attack both normal ‘18 and 8” and 
that with molybdenum added. 


The effects of other ailoying elements, with the 
exception of silver, have not been studied sufficiently 
to justify conclusions, The addition of silver, for 
which a patent has recently been granted to Kaye, 
Williams and Wulff (U. S. Patent No. 2,156,914), 
is claimed to produce a film of silver chloride when 
the metal is exposed to chloride solutions. The per- 
centage of silver required is fractional, and the film, 
which is practically insoluble and self healing, is 
claimed to protect the metal underneath and greatly 
diminish the attack. 


(Since the manuscript of this article was com- 
pleted, an announcement has been made giving fur- 
ther results of investigations at Massachusetts 
Institute of Technology by Uhlig, Wulff, Keye, and 
Williams, and sponsored by Chemical Foundation. 
They report that the source of pitting corrosion has 
been found in minute points, cracks, and other 
imperfections in the surface of the metal. The 
remedy apparently consists in producing a self- 
healing surface film by various means, such as plating 
with silver or other metals, and by a thermal treat- 
ment. Patents disclosing the details of the procedure, 
which has not yet reached commercial practice, have 
been granted the investigators.) (To be Concluded) 





























EDITORIAL 


line, or it may not, according to chance. 


(Continued from page A19) 


Féppl’ points out that in ordinary rotating beam 
fatigue testing, the operator pays no attention to 
whether the fracture was at the minimum section, 
or whether it occurs away from it, perhaps at a loca- 
tion corresponding to only 70 per cent of the load 
at the minimum section. The operator plots the point 
on the basis of the midsection load instead of on that 
at the load at the location of fracture. On the basis 
of trying to find out what par is for the material, 
this may be justifiable, since the midsection stood its 
calculated surface stress without fracture, but the 
practice tends to cover up the real scatter. 


In endurance tests where the points were so plotted, 
but those for specimens breaking away from the mid- 
section were designated by a different symbol® fully 
half of the fractures are indicated as not occurring 
at the most highly stressed portion. 

In the testing of a large specimen, with a rela- 
tively great volume stressed to the maximum, the 
weak spots get in their work and make it im- 
possible to cover up. Thus, tests on large specimens 
tend to give the lower limit of the scatter band that 
small-specimen tests would show if thousands and 
thousands were tested. 


If we want to find the maximum potentialities of 
a material in fatigue with the smallest amount of 
effort, chance works with us when we use the usual 
rotating beam specimen, but if we wish to evaluate 
the engineering behavior in fatigue of a given lot 


of material, we need to know the lower boundary of 
the scatter band, not the upper limit, and there 
chance tends to obscure rather than to reveal what 
we strive to show, by our common methods of testing. 

That many materials, adequately tested, give S-N 
scatter bands rather than a nice line, and that the 
stressed volume of a specimen affects the position 
of the upper branch of the S-N curve, as Horger 
and Maulbetsch so clearly show, complicate the prob- 
lem of studying ‘‘damage lines.” 

The so-called “size effect’’ in fatigue may be a 
purely statistical matter, with nothing peculiar about 
it, unless it is peculiar that we tend to close our 
eyes to what causes it, and to do wishful thinking 
in the assumption that the par value of endurance 
limit on a set of tiny specimens is necessarily attaina- 
ble in practice—H. W. G. 
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A FEW CHUCKLES 


Steel Industry Gone To The Dogs? 


To the Editor: While browsing through some reports 
the other day, I came upon the enclosed picture. Being a 
‘“doodler’’ myself, I was interested in the structure itself. 


Imagine my surprise when I turned the photograph up- 
side down and saw a Scotty dog, with a blanket on in the 
bottom left hand corner! 


Has the steel industry gone to the dogs? 
(Miss) LAVERNE M. FLINNER 


2219 Broadway Ave., 
Pittsburgh 


The Sphinx—or What Have You! 


To the Editor: | have been meaning to send this in to you for publication in “A Few Chuckles” 


for some time. The subject is a piece of Ni-Hard at 1000 X on a 5 by 7-in. plate. It was not 
noticed until after the print was made that a portion of it very closely resembled the Sphinx. 

The photomicrograph was made by Prof. H. Vance White of the metallurgical department of 
the Virginia Polytechnic Institute. As this figure appeared at the extreme edge of the plate I spent 
over an hour vainly seeking the portion shown in order to make a better picture of it to send to 
you. If you think that it has interest for other readers of METALS AND ALLOYS you are at lib- 
erty to publish it. 


Enpwin C. DAvis 
Va mud Ass’t. Prof. of Metallurgy 


Blacksburg, Va. 
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